Foraging Online: Understanding How Search Features Influence the Development of Information Search Tactics and Strategies by Liu, Fei
Association for Information Systems
AIS Electronic Library (AISeL)
PACIS 2015 Proceedings Pacific Asia Conference on Information Systems(PACIS)
2015
Foraging Online: Understanding How Search
Features Influence the Development of
Information Search Tactics and Strategies
Fei Liu
Hong Kong Baptist University, fliu09@comp.hkbu.edu.hk
Follow this and additional works at: http://aisel.aisnet.org/pacis2015
This material is brought to you by the Pacific Asia Conference on Information Systems (PACIS) at AIS Electronic Library (AISeL). It has been
accepted for inclusion in PACIS 2015 Proceedings by an authorized administrator of AIS Electronic Library (AISeL). For more information, please
contact elibrary@aisnet.org.
Recommended Citation
Liu, Fei, "Foraging Online: Understanding How Search Features Influence the Development of Information Search Tactics and
Strategies" (2015). PACIS 2015 Proceedings. 258.
http://aisel.aisnet.org/pacis2015/258
FORAGING ONLINE: UNDERSTANDING HOW SEARCH 
FEATURES INFLUENCE THE DEVELOPMENT OF 
INFORMATION SEARCH TACTICS AND STRATEGIES 
 
Liu Fei, Department of Computer Science, Hong Kong Baptist University, Kowloon Tong, 
Hong Kong, fliu09@comp.hkbu.edu.hk 
 
Abstract 
Online information search behaviour are increasingly pervasive and important in the current era of 
big data. The design of search features that accommodate to information search behaviour relies on 
an extensive understanding of how searchers develop search tactics and search strategies. Through 
the lens of foraging theory, I argue the each type of search features enables a specific search tactic, 
that is, how searchers advance their search with their minds and actions in accord to the inherent 
constraints posed by a certain search feature. Furthermore, I hypothesize that the search tactics 
adopted by a searcher influence his/her search strategy, meaning the planning of the whole search 
process, and ultimately determines the search outcome. To empirically validate the hypothesis posited 
in this proposal, I developed an experimental restaurant review website with four contemporary 
search features implemented. Real information of 1079 restaurants in San Franciscon along with 
about 268k reviews for these restaurants written by nearly 91k dinners are scraped to populate this 
website. Future experiment is planned to collect participants’ objective search behavioural data as 
well as their quantitative and qualitative feedback regarding the search process in order to triangulate 
my hypotheses. 
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1 INTERODUCTION 
Understanding and facilitating individual’s online information search behaviour is 
increasingly relevant. The worldwide total number of Internet users already exceeded 2.8 
billion1, among which over 1.1 billion use Google search engine more than once per month2. 
Internet is considered one of the most essential source of information (Hsieh-Yee, 2001) and 
the dominant task conducted by Internet users is information search and usage (Byrne, John, 
Wehrle, & Crow, 1999). In the current context of Big Data, a “perfect” search engine is not 
enough (Teevan, Alvarado, Ackerman, & Karger, 2004) as Internet users more and more 
likely focus their information searching on individual sites (Browne, Pitts, & Wetherbe, 
2007). The quickly growing and various-in-nature information in each website creates heavy 
burden for searchers (Teevan et al., 2004) and lead to the issues of information overload 
(Hölscher & Strube, 2000), sub-optimal search performance (Öörni, 2003), and false 
discoveries (Lohr, 2012). These issues are largely due to a lack of search features that 
accommodate searchers’ search behaviour (Öörni, 2003; Teevan et al., 2004; Teevan, Dumais, 
& Horvitz, 2005; Teevan, Karlson, Amini, Brush, & Krumm, 2011). 
An extensive understanding of individuals’ search behaviour is required to design appropriate 
search interface (Bates, 1989). The search system design should be in harmony with 
searchers’ preferences via achieving an optimal combination of searcher control and system 
retrieval power (Bates, 1990). The key components of search behaviour are search tactic, 
which is defined as the “move made to further a search” (Bates 1979, p. 207), and search 
strategy, which refers to the “plan for the whole search” (Bates 1979, p. 207). There are yet 
few prior studies that adopt a theory-driven approach to investigate individuals’ search tactics 
and search strategies especially in online context. Bates (1978, 1979, 1989) summarized 29 
search tactics in four categories and six search strategies according to personal experience, 
prior literature, and others’ comments and opinions. Guided by Bates, a stream of studies aim 
to identify the search tactics and strategies employed by online searchers through observing 
their search process and examining their search log (Carstens, Rittberger, & Wissel, 2009; 
Hsieh-Yee, 1993, 1998; Teevan et al., 2004; Xie & Joo, 2010). They emphasized the 
importance of understanding search patterns via pinpointing search tactics and strategies. 
These studies demonstrate an urgent need for a more comprehensive understanding of online 
search behaviour. Realizing the rapidly growing revenue generated by search advertising 
(Xu, Chen, & Whinston, 2012), IS researchers also started to investigate the phenomena 
relevant in the context of online search, such as sponsored search (Animesh, Ramachandran, 
& Viswanathan, 2010; Animesh, Viswanathan, & Agarwal, 2011; Dhar & Ghose, 2010), 
customized search (Ho & Bodoff, 2014; Teevan et al., 2005), stopping rules of consumer 
search (Browne et al., 2007; Ho & Bodoff, 2014), and search results listing (Dou, Lim, Su, 
Zhou, & Cui, 2010; Xu et al., 2012). Nonetheless, there is still an absence of a comprehensive 
theoretical model that explains online searchers’ search tactics and strategies. 
The present study endeavours to take a small yet concrete step towards understanding online 
search behaviour via answering the following research questions: (1) How do different search 
features enable and accommodate to online searchers’ specific information search tactics? (2) 
How do online searchers realize their information search strategies via the iteration of 
specific information search tactics? (3) How do different information search strategies affect 
online searchers and their search outcomes? 
Through addressing the aforementioned research questions, I aim to achieve several research 
objectives. First, drawing on foraging theory (Hantula, 2010; Perry & Pianka, 1997), I 
advance a taxonomy of online information search tactics and strategies, which can serve as a 
theoretical anchor to investigate how online searchers employ a set of search tactics to form a 
particular search strategy. Second, I investigate the influence of different search strategies on 
both the search outcome and searchers’ perceptions to shed light on understanding online 
searchers’ strategic choices. Third, by introducing a summary of the search features, which 
are frequently implemented by contemporary websites, I reveal the underlying connection 
between each search feature and the search tactic it enables. As a result, this study aims to 
contribute new knowledge to literature by advancing a theoretical model that depicts both 
antecedents and consequences of online information search behaviour. This study can also 
provide timely guidelines for practitioners to facilitate users’ search process by implementing 
appropriate search functionalities. 
2 FORAGING THEORY 
Foraging theory solves the most fundamental problem of how an organism finds, handles, 
and consumes resources based on the assumption that foraging is a strategic behaviour rather 
that a random behaviour (Hantula, 2010). Foraging behaviour is one of the four basic 
components of survival in natural selection (i.e., foraging, fighting, fleeing, and fornicating) 
(Hantula, 2010). Foraging for food is one of the most essential endeavours undertaken by 
animals (O’brien, Browman, & Evans, 1990; O’Brien, Evans, & Browman, 1989). Likewise, 
hunting and foraging is one of the most ancient task for human beings (Kock, 2010). Except 
for food, organisms also search for other goods such as material resources (Hantula, 2010) 
and even gifts (Jonason et al., 2009). Foraging is explicitly depicted as a process of behaviour 
distributed across a temporal dimension (Hantula, 2010). According to foraging theory, 
search is defined as “the time and energy devoted to finding patches and prey items” 
(Hantula, 2010, p. 87). Foraging theory emphasizes two key factors that determine search 
behaviour. The first one is the currency, which is referred as the effort and time spent in 
foraging (Hantula, 2010). The second one is the constraint, which is defined as the 
interaction between the foragers’ capabilities and the environmental limitations (Hantula, 
2010). From this interactionist point of view, foraging behaviour can be understood as how 
foragers spend their currencies for capabilities to overcome the environmental constraints, in 
order to reach a patch and capture the preys within (Hantula, 2010). Foraging behaviour is 
conducted in an area-restricted manner, meaning that foragers locate a patch, which refers to 
a bounded spatial or temporal co-location of search targets, prior to seeking out targets in this 
patch (Hantula, 2010). Evidence from biology and neuroscience confirm that area-restricted 
search is one of human’s most primordial behaviour (Chase, 1973; Hills, 2006; Huey, 1968). 
“We once foraged on the savannas, we now forage online” (Hantula, 2010, p. 86). Hantula 
(2010) demonstrated that foraging theory is adopted by a variety of disciplines, including 
anthropology, biology, computer science, library science, marketing, and psychology. One 
stream of research sets its theoretical anchor at the matching law (Herrnstein, 1961, 1970) to 
explain how travel time between e-commerce sites affects consumers’ purchase decision 
(DiClemente & Hantula, 2003; DiFonzo, Hantula, & Bordia, 1998; Hantula, DiClemente, & 
Rajala, 2001; Rajala & Hantula, 2000; Smith & Hantula, 2008). The matching law proves 
that the distribution of the foraging behaviour of most sentient species among alternative 
patches matches the relative rates of return of the patches in order to optimize long-term 
choice (Davison & McCarthy, 1988; Herrnstein, 2000). The empirical results of this stream 
of research fits closely with the function of delay discounting (Ainslie, Haslam, & Elster, 
1992; Green & Myerson, 2004; Rachlin, 2006; Smith & Hantula, 2008), validating the 
important role played by temporal delay in determining a consumer’s decision of whether to 
make a purchase in the current online store or to sample another online store. Another stream 
of research identifies the functional similarity between foraging and human’s information 
seeking and adopts foraging theory to investigate information foraging (P. Pirolli & Card, 
1999; P. L. T. Pirolli, 2007; P. Pirolli, 2005, 2006; Sandstrom, 1994). Particularly, Fu and 
Pirolli (2007) found that information foraging behaviour is subject to the constraint of the 
information system design, such as the provision of information scent (trace of information or 
abbreviated representation of content) and the ordering of the information. 
Guided by foraging theory I aim to advance information foraging research by investigating 
how online searchers adapt to search features with different information search tactics and 
form corresponding information search strategies. For instance, how search features 
determine the search constraint, which refers to the affordances and limitations induced by 
the design of search features, as well as searchers’ information search tactics and in turn 
influence searchers’ expenditure of search currency, which represents the cost of searching, 
and ultimately determine searchers’ search strategies and outcomes.  
3 SEARCH FEATURES AND TACTICS 
Previous studies showed that web searchers change their information search tactics to adapt 
different designs of search features (Golovchinsky, 1997; Kules & Shneiderman, 2008; P. L. 
T. Pirolli, 2007), implying that searchers’ search tactics are driven by their internal 
information needs (Garcia & Sicilia, 2003; Hsieh-Yee, 2001) and at the same time, enabled 
by search features (Zhang, 2008). Bates (1978, 1979, 1989) is among the earliest researchers 
who attempt to define and summarize human’s information search tactics. Bates (1979) 
defines the search tactic as the “move made to further a search” (p. 207) and provides a list of 
29 information search tactics in four categories (i.e., monitoring tactics, file structure tactics, 
search formulation tactics, and term tactics). Bates (1989) highlights two search manipulation 
tactics based on a literature analysis, namely berry-picking, which refers to searchers’ 
advance of a search by modifying the search query, and browsing, which means searchers 
skim trough a collection of properly arranged information (e.g., the bibliographies) to locate 
information items. Hsieh-Yee (1993) built on Bates’s work (1979) and developed a taxonomy 
of nine information search tactics in three categories (i.e., term selection tactics, search 
monitoring tactics, and search manipulation tactics) In online situation, the term selection can 
be either pre-defined by the system, or self-determined by searchers (Bates, 1979; Hsieh-Yee, 
1993). Likewise, the search manipulation tactics consist of query manipulation, which 
indicates searchers’ manipulation of the combinations of search terms, and browsing, which 
refers to the tactic of finding relevant items while skimming through a collection of 
information (Bates, 1979, 1989; Hsieh-Yee, 1993). Golovchinsky (1997) demonstrated that 
searchers adapt natural-language query functionality with direct query tactic and adapt the 
provision of query-mediated links in online articles with the browsing tactic. Similarly, in 
Bates’s integrated model of information seeking and searching (2002), active information 
search consists of both directed query and undirected browsing. In similar fashion, Xie and 
Joo (2010, 2012) identified two typical interactive patterns, iterative search results evaluation, 
where a searcher repeatedly create a list of search results and examine the each individual 
item, and iterative exploration, where a researcher seek information via continuously 
browsing and examining (Xie & Joo, 2012). 
I draw from both the forging theory and previous empirical evidences to propose a taxonomy 
of search tactics. Specifically, a search tactic can be defined along two dimensions, namely 
search determination, which refers to how a searcher define and express his/her search goal, 
and search manipulation, which represents how a searcher arrive at his/her search goal. I 
propose that the search determination can be either self-determined or pre-defined, meaning 
searchers can either use customized search criteria or adopt pre-set criteria. (Bates, 1979; 
Hsieh-Yee, 1993). Likewise, search manipulation consists of teleporting search and 
proximate browsing, indicating that searchers either choose to jump between search spaces 
via updating search criteria or engage in browsing among a collection of coherently 
structured information (Bates, 1979, 1989, 2002; Golovchinsky, 1997; Hsieh-Yee, 1993; 
Jedetski, Adelman, & Yeo, 2002). Based on my taxonomy of search tactics, four types of 
tactics emerged: pre-defined teleporting search, self-determined teleporting search, pre-
defined proximate browsing, and self-determined proximate browsing. 
4 SEARCH CONSTRAINTS AND CURRENCIES 
Corresponding to foraging theory, each search tactic requires currencies in order to confront 
search constraints (Hantula, 2010). I introduce search control as the constraint in the context 
of online information search. Control is one of the most important determining factor that 
drive goal-oriented behaviour such as search (Ajzen & Madden, 1986). According to 
Campion and Lord’ control systems model (1982), controls over goal settings and 
environmental feedback handling dominant the performance of goal-oriented behaviour. 
Evidence from neuro-science also suggest that there are several brain regions are involved in 
the control of goal-oriented behaviour (Corbetta & Shulman, 2002; Grace, Floresco, Goto, & 
Lodge, 2007). Users perceive different degrees of control when engaging in various search 
tactics. Accordingly, the perceived control of search process can be further delineated into 
search determination control for goal setting and search manipulation control for search 
environment (Campion & Lord, 1982). I define search determination control as the extent to 
which a user perceives being in charge of determining search criteria specification. Search 
manipulation control, on the other hand, is defined as the degree to which a user perceives 
being in charge of traversing the search space. Accordingly, searchers perceive higher search 
determination control when adopting self-determined tactics as opposed to pre-defined tactics 
because the former allows more freedom in criteria specification. Similarly, searchers 
perceive higher search manipulation control when engaging in proximate browsing tactics 
compared to teleporting search tactics due to the well-structured search space required by the 
former. Therefore, I hypothesis, 
Hypothesis 1: A searcher perceives higher search determination control when adopting self-
determined tactics instead of pre-defined tactics. 
Hypothesis 2: A searcher perceives higher search manipulation control when adopting 
proximate browsing tactics instead of teleporting search tactics. 
When confronting constraints induced by various degrees of control during the search process, 
searchers are expected to exert currencies to improvise and overcome the constraints 
(Hantula, 2010). I posit cognitive load and behavioural delay as the two main types of 
currencies searchers pay to overcome constraints in search context. Cognitive load is defined 
as the processing effort that individuals need to spend in order to conduct the search 
(Nadkarni & Gupta, 2007), whereas behavioural delay is referred as the amount of actions 
that individuals need to conduct the search (Hantula, 2010). High search determination 
control is expected to pose obstacle to searchers because the searchers are forced to delimit 
the search criteria by relying on their cognitive capabilities without prior knowledge about 
the information availability. As a result, search determination control likely increases 
searchers’ cognitive load. In addition, specifying customized search criteria tends to require 
more actions compared to adopting the criteria made available by the search features. 
Conceivably, search determination control is also expected to heighten searchers’ behavioural 
delay. I hence propose, 
Hypothesis 3: A searcher’s perceived search determination control positively influences 
his/her cognitive load. 
Hypothesis 4: A searcher’s perceived search determination control positively influences 
his/her behavioural delay. 
On the contrary, low search manipulation control tends to constraint the searchers because 
searchers who perceive low search manipulation control often confront unstructured 
information items within the search space. Scanning through disorganized information 
usually overload the searchers’ working memory since they need to recall more frequently 
(Mayer & Moreno, 2003). Moreover, more browsing actions are required in the search 
process with limited search manipulation control due to the difficulty for the searchers to skip 
infeasible alternatives (Browne & Pitts, 2004). As a result, search manipulation control 
should mitigate both cognitive load and behavioural delay in the search process. I thus posit, 
Hypothesis 5: A searcher’s perceived search manipulation control negatively influences 
his/her cognitive load. 
Hypothesis 6: A searcher’s perceived search manipulation control negatively influences 
his/her behavioural delay. 
5 INFORMATION SEARCH STRATEGIES AND OUTCOMES 
Prior research in animal foraging investigated animal search strategy as an iterated process of 
repositioning and pursuing prey, and identified two distinctive patterns of active search 
strategies, namely cruise search (widely ranging) and saltatory search (stop and go) (O’brien 
et al., 1990; O’Brien et al., 1989; Perry & Pianka, 1997). Cruise search strategy describes the 
constant searching for the prey while moving continuously through the environment (O’brien 
et al., 1990). Saltatory search, on the other hand, depicts a stop and go search pattern, 
meaning a forager only searches while pausing after travelling a certain distance (O’brien et 
al., 1990). Empirical evidence shows that the choice of search strategy is not genetically 
fixed, rather it varies according to the environmental conditions (O’brien et al., 1990). I 
believe it is a step towards the right direction to adopt the search strategies exhibited by 
animals to predict and explain human information search strategies. 
According to foraging theory, organisms seek to maximize the utility of the foraging and at 
the same time, minimize the foraging cost (Hantula, 2010; Perry & Pianka, 1997). 
Equivalently, online information searchers adjust their search strategies to optimize the 
information gain with a fix amount of search currencies spent. For instance, I predict that if 
the search cost (i.e., cognitive load and behavioural delay) is perceived low, online 
information searchers tend to employ cruise strategy, which is to conduct a prolonged search 
process with a series of small iterations in order to contextualize the search process and 
optimize the examination of viable alternatives. On the contrary, if the cost for search is high, 
saltatory strategy will more likely be adopted to jump towards the search target with 
minimum number of search iterations, hence maximize the informational gain over the cost. 
Additionally, due to the existence of hybrid search strategy between cruise search and 
saltatory search (O’brien et al., 1990), I also posit that searchers will adopt a hybrid search 
strategy when encountering moderate search cost. I therefore propose, 
Hypothesis 7: A searcher adopts cruise search strategy during the search process when both 
cognitive load and behavioural delay are perceived high. 
Hypothesis 8: A searcher adopts saltatory search strategy during the search process when 
both cognitive load and behavioural delay are perceived low. 
Hypothesis 9: A searcher adopts hybrid search strategy during the search process when 
cognitive load and behavioural delay deviate from each other. 
Prior studies suggest that different information search strategies can lead to distinct search 
outcomes (Hsieh-Yee, 2001; Teevan et al., 2004) and affect searchers’ search related 
perception (Carol C Kuhlthau, 1991; Carol Collier Kuhlthau, 1999; Teevan et al., 2004). 
Search outcome consists of search result accuracy, which is indicated by the degree to which 
the search result fits searcher’s goal, and efficiency, which is defined as the amount of time 
and effort invested by a searcher in the search process (Hsieh-Yee 2001). I anticipate that 
cruise search strategy allows the searchers to consider more relevant alternatives, thus helps 
them achieve better goal proximity, which reflects searchers’ ability to gauge whether their 
search results approximates their goals, and uncertainty alleviation, which describes the 
trustworthiness of the search result and the certainty of the nonexistence of viable alternatives 
(Carol C Kuhlthau, 1991; Carol Collier Kuhlthau, 1999; Teevan et al., 2004). As a result, 
although cruise search strategy is less efficient due to the enlarged consideration set, the 
search result should be more accurate (Browne et al., 2007; Hsieh-Yee, 2001). On the 
contrary, saltatory search strategy should be more efficient due to the searchers’ general 
ignorance of possible viable alternatives (Browne et al., 2007). However, because of the 
discontinuance during the search process and the small consideration set, searchers are 
expected to face insufficient goal proximity and uncertainty alleviation, as well as sub-
optimal search results (Browne et al., 2007; Hsieh-Yee, 2001). As a result, I hypothesize, 
Hypothesis 10: A searcher’s cognitive load during the search process: (a) negatively 
influences search accuracy; (b) positively influences search efficiency; (c) negatively 
influences goal proximity, as well as; (d) negatively influences uncertainty alleviation. 
Hypothesis 11: A searcher’s behavioural delay during the search process (a) negatively 
influences search accuracy; (b) positively influences search efficiency; (c) negatively 
influences goal proximity, as well as; (d) negatively influences uncertainty alleviation. 
6 METHODOLOGY 
To empirically test the research model in this study, an experiment with 24 factorial design 
will be conducted on an experimental restaurant review website. This website implement four 
contemporary search features (i.e., keyword search, faceted search, ranking search, and 
interactive search) to match the full range of search tactics a searcher can adopt. Detailed 
information of 1079 restaurants in San Francisco along with about 268k reviews for these 
restaurants written by approximately 91k dinners are scraped to populate the website. Each 
experiment cell represents a certain combination of four configurations of search features. 
What’s noteworthy is that the control group offers only a list of information items without 
sorting options and a static map. 
According to Hong et al. (2004) and Kules and Shneiderman (2008), the experimental 
procedure will be designed as the following. A total of 400 individuals will be recruited on 
Amazon Mechanical Turk to participate this study (i.e., 25 participants for each cell). At first, 
each participant will answer an entry questionnaire to report his/her demographic information 
and online search experience. Next, this participant will be redirected to the experimental 
restaurant review website and read an introduction. After that, he/she will be randomly 
assigned to one experiment condition with a specific configuration of search feature and 
asked to complete a goal-directed search task, which is finding a restaurant according to 
specific requirements, and an experiential search task, which refers to finding a restaurant 
based on his/her own preference (Nadkarni & Gupta, 2007). Each participant’s search actions 
will be logged by the website. Successively, the participant will be asked to complete a post-
experiment questionnaire, which measures the focal constructs, and the participant’s general 
perceptions about the restaurant review website. 
I plan to validate hypotheses 1 and 2 with ANOVA, and hypotheses 3 to 6, as well as 10 to 
17 with structural equation modelling (SEM). In addition, hypotheses 7 to 9 will be tested via 
plotting the behavioural pattern during each participant’s search process. According to animal 
foraging literature (O'brien et al. 1990; O'Brien et al. 1989) this study utilizes two types of 
plots: search action plot and search distance plot. In the search action plot, the x-axis 
represents time while the y-axis represents the number of search actions. On the other hand, 
in the search distance plot, the x-axis also represents time yet the y-axis represents the 
number of unique restaurants being searched. Two plots are expected to show similar patterns. 
7 CURRENT STATE AND FUTURE PLAN 
At the time of submitting this proposal, the infrastructure for the experiment has been 
finished, including a Qualtrics questionnaire and an experimental website. A pre-test with 78 
student samples has been conducted for three purposes. Specifically, I wish to make sure the 
experiment flows smoothly without unexpected confusions or disruptions to participants. 
Subsequently, I collect qualitative feedback from participants to unveil potential defects in 
the implementation of the experiment. Most respondents were satisfied with the search 
features offered by the website, nonetheless, the website interface is tweaked according to 
make the available search functions more apparent. Lastly, respondents’ answers to 
measurement items are utilized to conduct a preliminary data analysis to validate both the 
measurement model and structural model of the SEM. All the latent constructs exert 
satisfactory convergent validity and discriminant validity. Six measurement items that load 
poorly on the construct they reflect are carefully modified or discarded. The structural model 
is convincing and only shows three unexpected hypotheses (i.e., hypotheses 4, 10b and 11b). 
After the submission of this proposal, a second pre-test will be launched on Amazon 
Mechanical Turk in April 2015 and five participants will be recruited for each experiment 
cell. The data collected from the second pre-test will allow us to test all proposed hypotheses 
via preliminary analysis (i.e., ANOVA, SEM, and plotting) on May. A final modification to 
the experimental infrastructure will be conducted in June 2015 so that the formal experiment 
can be launched in July 2015. The formal data collection process is expected to last for about 
three months, meaning the full data analysis will be conducted in October 2015. Based on the 
data analysis results, I will start drafting my thesis in November 2015, which is expected to 
be finished within three months. 
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